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A HIGH INTENSITY LINEAR E+E− COLLIDER FACILITY AT LOW
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I discuss a proposal for a high intensity e+e− linear collider operated at low center of mass energies
√
s < 5 GeV with high intensity beams. Such a facility would provide high statistics samples of
(charmed) vector mesons and would permit searches for LFV with unprecedented precision in
decays of τ leptons and mesons. Implications on the design of the linear accelerator are discussed
together with requirements to achieve luminosities of 1035 cm−2s−1 or more.
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1. Introduction
A tau/charm factory is proposed delivering
luminosities of more than 1035 cm−2s−1 and
yielding:
≈ 6 · 1012 φ mesons p.a.
≈ 1012 ψ(2S) mesons p.a.
≈ 3 · 1010 ψ(3770) mesons p.a.
≈ 1011 τ lepton pairs p.a.
The huge luminosity increase compared to
existing ring colliders is expected by using
linear collider concepts. The luminosities of
past and existing e+e− ring colliders have
been steadily increased mainly by increasing
the beam currents and collision frequencies.
The design luminosities of various e+e− ring
colliders are shown in Fig. 1 as function of
the beam energy. A main limitation comes
from the beam-beam tune shift, which can
be written as:
L < pibf
(
γ∆Q
re
)2
ε∗x
β∗y
∝ γ2 = E
2
beam
m2e
, (1)
with b the number of colliding bunches, f the
rotational frequency, γ the Lorentz boost of
the beam particles, ∆Q the beam-beam tune
shift, ε∗x the horizontal emittance and β
∗
y the
vertical beta function. The ratio ε∗x/β
∗
y can
be related to parameters of the final focus.
The beam-beam tune shift limit scales with
the square of the beam energy and is the very
limiting at low energies.
The luminosity for a linear collider (flat
beam) can be written as 1:
L =
1
4pi
P
Ebeam
√
δE
0.86 r3eε
0
yA
HD , (2)
with P the beam power, Ebeam the beam en-
ergy, δE the relative beamstrahlung, re the
Fig. 1. Design luminosities of e+e− colliders versus
beam energy. The broken line shows the upper lu-
minosity limit for ring colliders (eq. 1). The solid
lines show the disruption and beamstrahlung limits
(eq. 2+4).
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electron radius, ε0y = γε
∗
y the normalized ver-
tical emittance, A = σz/β
∗ the aspect ratio
of the longitudinal beam size over the beta
function and HD the enhancement factor.
The luminosity is inverse to the beam en-
ergy if the beam power and other beam pa-
rameters are kept constant. This limit is in
particular important for high beam energies.
At low energy and high luminosities dis-
ruption effects are important. The disrup-
tion parameter depends on the beam geome-
try and is for round beams given by:
D =
reNσz
γσ2r
(3)
In the disruption limit the luminosity can be
written as:
L =
1
4pireme
D I Ebeam
σz
, (4)
with I being the beam current. This limit is
proportional to the beam energy.
The discussed energy dependencies are
shown in fig. 1 as lines for both, linear and
ring colliders. For I ≥ 100 µA a region
opens up at low energy, called τ and ψ region,
which is accessible by linear colliders but not
by ring colliders. The potentially higher lu-
minosity motivates to use e+e− linear collid-
ers as alternative, not only for highest ener-
gies to avoid synchrotron radiation, but also
for low energies to overcome the fundamental
beam-beam tune shift.
A further advantage of linear colliders is
the flexibility to operate at different beam
(center of mass) energies using the same ma-
chine and same detector. The specific lu-
minosities can be significantly higher for a
linear collider as dynamic instabilities, e.g.
beam-beam tune shifts, do not play a roˆle.
Beam disruption might even enhance the lu-
minosity (pinch effect).
2. General Design Considerations
Considering the e− and e+ accelerator as in-
dependent and assuming round beams, one
finds the following relation for the luminos-
ity:
L =
1
2pi
(
I−I+
0.86 r3e
) 1
2
(
δE−δE+
ε0−ε
0
+A−A+
) 1
4
HD (5)
The currents I± are related over the beam
energies Ei to the acceleration power I∓ =
P∓/E∓. For high beam energies the
main constraint comes from the acceleration
power, which determines operation costs and
is assumed not to exceed 10 MW per beam.
However, this limit does not hold when en-
ergy recovering techniques are applied, which
are developed worldwide for various FEL ap-
plications 2.
In a classical linear accelerator design,
where spent beams are dumped, a main con-
straint comes from the requirement of large
beam currents I & 100 µA, which is a tech-
nical challenge for the e+ source. For the
ILC several concepts have been developed to
provide e+ currents of 50 µA in trains and
with polarization. For a low energy linear
collider an order of magnitude higher cur-
rents are desirable to achieve luminosities of
L > 1035 cm−2/s.
Eq. 5 suggests that low e+ currents can
(at least partially) be compensated by high
e− currents. We can also assume different
emittances for electrons and positrons as well
as different energies or beam currents. This
leads to an asymmetric design of the collider.
Asymmetric energies have the advantage of
introducing a boost, which might experimen-
tally be favorable for lifetime tags and oscil-
lation measurements.
The Asymmetric Collider
In the following we discuss the case of round
beams only, which are produced by stan-
dard e− guns, avoid large disruptions in one
dimension and allow for solenoidal final fo-
cussing at low energy. For a given cms en-
ergy an asymmetric collider has ten indepen-
dent machine parameters, which determine
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Fig. 2. Schematic design of the proposed Linear Collider at low energy.
luminosity and the final focussing system to
be compared to six for a symmetric collider:
the number of particles in each bunch (×2),
the collision frequency (×1), the energy ratio
of the two beams (×1), the transverse and
longitudinal bunch size (×4) and the beam
emittances (×2).
The luminosity for an asymmetric col-
lider is calculated by:
L =
f
2pi
N1N2
(σ¯2r1 + σ¯
2
r2
)
,
with σ¯ri = σri/
√
HD being the average
transverse beam size during collision which is
determined by the enhancement factorHD
3.
Beamstrahlung
Important for the production of narrow res-
onances is the intrinsic energy spread of
the beam and the energy dispersion result-
ing from synchrotron radiation during colli-
sion, called beamstrahlung. The relative en-
ergy loss due to beamstrahlung δE should
be smaller than the resonance width. The
beamstrahlung is given by 4:
δE = 0.216
N2re
σ2rσz
γ HD , (6)
and can be reduced by using flat beams.
By comparing equations 3 and 6 we
see that the σz dependence of disruption
and beamstrahlung are contrarious: beam-
strahlung is reduced by long bunches and
disruption by short bunches. Without other
boundary conditions maximum luminosity is
reached if the disruption and beamstrahlung
limit are fulfilled simultaneously. For a tau
factory, that is typically the case for a nor-
malized emittance of ε0 = 10−6 rad m and a
bunch length of about 50 µm.
3. Design Proposal
In a classical accelerator design (single colli-
sion of beams) a high yield e+ source is indis-
pensable. By using rotating solid targets or
liquid metal targets, we assume a e+ source
yielding I = 100 µA or more.
Higher colliding e+ currents can be
achieved if the spent e+ beam is captured,
possibly damped and re-injected. The damp-
ing ring can be operated at a different (lower)
energy than the colliding beam by decel-
erating and re-accelerating the beam using
an Energy Recovery Linac (ERL) a. This
scheme is interesting because a low energy
damping ring dissipates less synchrotron ra-
diation power 5. For the proposed linear col-
lider e+ recovery is considered to be more
important than energy recovery in order to
increase the current of the colliding beam.
Another important issue is the require-
ment for low emittance beams. e− guns
are available or under development which de-
liver peak currents Ipeak > 1 kA with emit-
aERLs are considered for the next generation FELs 2
to achieve highest beam intensities in a linear accel-
erators.
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tances of 10−6 (10−7) rad m in short pulses
(0.1 ps) 6. Low emittance positrons can only
be produced in damping rings or wigglers but
not from a source. A cost effective solution
is a “mini damping” ring delivering moder-
ate e+ emittances of about ε = 10−5 rad.m.
A small damping ring with short damping
times τ ≤ 3-4 τdamp and Idamp < 1 A is con-
sidered to be sufficient.
A sketch of the proposed linear collider
is shown in Fig. 2. It shows on the left hand
side the e− machine. Spent electrons are ei-
ther dumped or shot on the e+ target as al-
ternative source to a second e− gun. Pro-
duced positrons are accumulated, damped
and accelerated. In the first construction
stage with single collisions spent positrons
are either dumped or exploited by fixed tar-
get experiments. In the second stage spent
positrons are captured and recycled.
4. Results
With the above boundary conditions the op-
timum luminosity is calculated to:
L ≈ I+
2pie
(
HD
0.216 r3e
) 1
2
(
A−A+δE
−
δE+
ε0−ε
0
+
) 1
4
(7)
The luminosity dependence as function of
different design parameters was studied in
detail for a τ/ψ(3770) factory. Results ob-
tained by an optimization procedure based
on empirical luminosity enhancement fac-
tors are shown in Fig. 3 as function of
the emittance and relative beamstrahlung
(black points). These results compare well
with scaling laws (dashed line) obtained from
eq. 7. Two working points for the τ fac-
tories are indicated (open circles). Results
obtained by the beam-beam simulation pro-
gram Guineapig 7 are added (red triangles)
which agree well with the calculations.
Assuming that the colliding e+ current
can be increased by a factor of 20 using
recycled e+ beams, luminosities of about
1034 cm−2/s are expected for the ψ(2S) res-
onance, and 1035-1036 cm−2/s for the φ and
ψ(3770) resonances and for the τ pair pro-
duction threshold.
5. Summary
A high intensity linear collider has been dis-
cussed which serves as high luminosity tau
and charm factory providing e+e− luminosi-
ties of 1035 cm−2s−1 or more. It is concluded
that construction of such a low energy col-
lider can be started with technology nowa-
days available. Because of the yield limita-
tion of the e+ source a staged construction
is proposed. Positron currents can be in-
creased in the second stage when more pow-
erful positron targets become available or by
exploiting e+ recovery (e+ recycler) of the
spent beam.
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Fig. 3. Luminosity dependence as function of the e+ emittance (left) and of the relative beamstrahlung
(right) I(e+) = 100 µA.
